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598a Wednesday, February 11, 2015phosphorylation to decrease myofilament calcium sensitivity and accelerate
myofilament relaxation. Furthermore, Tyr-26 phosphorylation can buffer the
desensitization of Ser-23/24 phosphorylation while further accelerating thin
filament deactivation upon their integration. Therefore, the functional integ-
ration of TnI phosphorylation may be a common mechanism to modulate
Ser-23/24 phosphorylation function.
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Slow ventricular cardiac myosin (bmys) has three distinct unitary step-sizes,
nominally 3, 5, and 8 nm, that move actin with varying step-frequencies. Ventric-
ular cardiac myosin essential light chain (vELC) has a 43 residue N-terminal
extension that binds actin. The basis for the three unitary steps in cardiac myosin
was proposed to involve actin bindingof the vELCextensionwherein the predom-
inant 5 nm step does not engage the actin/vELC linkage, the slightly less likely 8
nmstep engages actin/vELC linkage facilitating an extra ~19degrees of lever-arm
rotation, and theminor 3 nm step is the unlikely conversion of the 5 nm step to the
full actin/vELC bound 8 nm step. The hypothesis was tested using several cardiac
myosin constructs including a 17 residue N-terminal truncated vELC in porcine
mys (D17) and a 43 residueN-terminal truncated humanvELCexpressed in trans-
genic mouse heart (D43). Mouse myosin heavy chain is the fast isoform (amys).
Cardiacmyosin step-size and relative step-frequencyweremeasured using a high
throughputQdot super-resolution in vitromotility assay.D17 showeda significant
increase to the 5 nm step-frequency and coincident reduction to the 3 and 8 nm
step-frequencies implying a reduction in probability for forming vELC/actin link-
age. Nontransgenic (NTg) and human vELCexpressedamys in transgenicmouse
heart had three unitary step-sizes like those in bmys although step-frequencies in
NTg were redistributed to favor the 8 nm step.D43 showed a significant increase
to the 5 nm step-frequency and a significant reduction to the combined 3 and 8 nm
step-frequency again indicating lower overall probability for forming vELC/actin
linkage.Data strongly supports the hypothesis that the vELCextension is the basis
for three step-sizes in cardiac myosin. Supported by NIH grants R01AR049277,
R01HL095572, and R01HL108343.
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Hypertrophic cardiomyopathy (HCM) is an inherited disease of the heart mus-
cle that affects approximately 1 in 500 individuals. The condition is character-
ized by enlarged cardiac myocytes, thickened ventricular walls, non-compliant
muscle structure, changes in blood pressure, electrical arrhythmias, and short-
ness of breath. The Arg-to-Gln switch at amino acid 403 of beta-myosin heavy
chain (MHC-R403Q) is the most prevalent mutation associated with familial
HCM. Human induced pluripotent stem (iPS) cell-derived cardiomyocytes
can be generated in highly pure and large quantities from both control and
affected individuals to provide a path forward toward better mechanistic under-
standing of complex heart diseases.
Endothelin-1 (ET-1)-induced cardiac hypertrophy in human iPS cell-derived car-
diomyocytes exhibits several classic hallmarks of cardiac hypertrophy including
up-regulation of the fetal gene expression program, cytoskeletal rearrangements,
and an increase in cardiomyocyte cell size (Carlson et al., 2013). Similar to the
induced hypertrophic state, here we describe novel information regarding innate
cardiac hypertrophy associated with MHC-R403Q. iPS cell-derived cardiomyo-
cytes were generated from an MHC-R403Q-positive individual exhibiting the
HCM phenotype. MHC-R403Q cardiomyocytes were generated at high purity
(>95% TNNT-positive), exhibited the expected cardiac morphology, and
showed autonomous contractile activity similar to the control cardiomyocytes
(non-MHC-R403Q). Transcript profiling demonstrated that basal gene expres-
sion of MHC-R403Q cardiomyocytes was similar to control cardiomyocytes
that had been induced with ET-1 into a hypertrophic state. Similarly, basal
BNP levels inMHC-R403Q cardiomyocytes were higher than those of uninduced
control cardiomyocytes. Interestingly, when treated with ET-1, cardiomyocytes
from both backgrounds exhibited increases in BNP expression to similar levels.
These data suggest thatMHC-R403Q cardiomyocytes may have an innate predis-
position toward familial hypertrophic cardiomyopathy and underscore the advan-
tages of modeling cardiovascular disease through the use of iPSC technology.Cytoskeletal-based Intracellular Transport
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Intracellular transport is largely driven by processive microtubule- and actin-
based molecular motors. Non-processive motors have also been localized
to trafficking cargos, but their roles are not well understood. Myosin-Ic
(Myo1c), a non-processive actin motor, functions in a variety of exocytic events,
although the underlying mechanisms are not yet clear. To investigate the inter-
play between myosin-I and the canonical long distance transport motor kinesin-
1, we attached both motor types to lipid membrane-coated bead (MBC) cargo,
using an attachment strategy that allows motors to actively reorganize within the
membrane in response to the local cytoskeletal environment. We compared the
motility of kinesin-1-driven cargos in the absence and presence of Myo1c at en-
gineered actin/microtubule intersections. We found that Myo1c significantly in-
creases the frequency of kinesin-1-driven microtubule-based runs that begin at
actin/microtubule intersections. Myo1c also regulates the termination of proces-
sive runs. Beads with both motors-bound have a significantly higher probability
of pausing at actin/microtubule intersections, remaining tethered for an average
of 20 s, with some pauses lasting longer than 200 s. The actin-binding protein
non-muscle tropomyosin (Tm) provides spatially-specific regulation of inter-
actions between myosin motors and actin filaments in vivo; in vitro, we found
that Tm2 abrogates Myo1c-driven actin gliding. In the crossed-filament assay,
Tm2-actin abolishes Myo1c-specific effects on both run initiation and run termi-
nation. Together these observations suggest Myo1c is important for the selective
initiation and termination of kinesin-driven runs along microtubules at specific
actin filament populations within the cell.
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Mammalian pigmentation is driven by the intercellular transfer of pigment-
containing melanosomes from the tips of melanocyte dendrites to surrounding
keratinocytes. Using time lapse imaging of primarymousemelanocyte/keratino-
cyte co-cultures prepared from transgenic mice (‘‘Holly’’ mice) in which the
plasma membranes of melanocytes and keratinocytes are red and green, respec-
tively, we recently defined an intercellular melanosome transfer pathway that in-
volves the shedding by the melanocyte of melanosome-rich packages, which are
subsequently phagocytosed by the keratinocyte (Wu et al.; PNAS; 2012). Shed-
ding, which occurs primarily at the tips of the melanocyte’s dendrites, involves
adhesion of the dendrite to the keratinocyte, thinning of the dendrite behind the
forming package, and an apparent self-abscission event that deposits a plasma
membrane-enclosed package ofmelanosomes on the surface of the keratinocyte.
After a variable period of time, the keratinocyte then internalizes this package by
phagocytosis, completely the intercellular transfer of pigment. To determine if
this shedding mechanism also drives melanosome transfer in vivo, we have per-
formed time lapse imaging of ear skin on anesthetized Holly mice. The bound-
aries of red melanocytes and green keratinocytes are clearly visible in the skin,
and the distribution and dynamics of black melanosomes inside both cell types
can be followed in three dimensions. Numerous events that occur along the sides
and tips of melanocyte dendrites, and that appear to be abortive shedding events,
have been seen. To augment transfer, which is probably very infrequent in skin,
we have treated the animal’s ear skin with forskolin-containing cream to
augment pigment synthesis and transfer. Recent imaging yielded several transfer
events that involved shedding of a melanosome-rich package by the melanocyte
and subsequent phagocytosis of the package by the keratinocyte, arguing that the
mechanism we defined previously in co culture also occurs in vivo.
3017-Pos Board B447
The Effects of Wild-Type and Disease-Linked Tau Mutants on Cargo
Transport in Cells
Dezhi Yu1, Stuart Feinstein2, Megan T. Valentine3.
1Materials, University of California, Santa Barbara, Santa Barbara, CA, USA,
2Molecular, Cellular, and Developmental Biology, University of California,
Santa Barbara, Santa Barbara, CA, USA, 3Mechanical Engineering,
University of California, Santa Barbara, Santa Barbara, CA, USA.
Tauproteins areexpressedabundantly inhumanneurons, and areknown to regulate
the dynamics and structures of cytoskeletal microtubule filaments. Tau mutations
andmisregulation cancause severe neurodegenerative dementiadiseases including
Wednesday, February 11, 2015 599afrontotemporal dementia with parkinsonism-17, progressive supranuclear palsy,
and corticobasal degeneration. We previously showed that 4RS wild-type tau pro-
teins and 4RS tau mutants (R406W, P301L, DELTA_N296) can inhibit the effi-
ciency of kinesin-driven cargo transport along microtubules in a simplified in
vitro environment. In this study, we used a combination of biophysical tools and
imaging techniques to investigate the effects of transient tau expression on lyso-
some transport in COS-7 African green monkey kidney tissue cells, which are
natively tau-free. We found that the introduction of tau proteins (either wild-type
or mutant tau) reduces the speed of lysosome translocation, and moreover, tau
expression induced abnormal aggregation and bundling of microtubules within
the cell. Mutant specific effects and possible links to disease will be discussed.
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For various intracellular cargos bidirectional motion is observed. Most times this
transport ismediated by teams ofmolecularmotors moving in opposite direction.
It remains an open question how the cell can ensure efficient transport by relying
on this biased stochastic process. We present a model which takes explicitly into
account the elastic coupling of the cargowith eachmotor. In focus is here the anal-
ysis of the influence of the cellular properties. By varying those parameter the cell
cancontrol thebias in a counter-intuituvemanner. Furthermore,weobserve in our
one dimensional model sub- and superdiffusion on short and intermediate time
scales, respectively, due to a temporal correlation in the cargo displacement.
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Intraflagellar transport (IFT) is an essential intracellular transport mechanism in
cilia, the hair-like,microtubule-based protrusions of eukaryotic cells with sensory
or motile functions. In the chemosensory cilia of the nematode C. elegans, IFT is
driven by the cooperative action of IFT-dynein (responsible for transport from
ciliumtip tobase) and twokinesinmotor proteins,Kinesin-II andOSM-3, (respon-
sible for transport in the opposite direction). Our goal was to understand why two
kinesins are needed for IFT andwhat their respective roles are. To achieve this, we
generatedmutant nematodes expressing fluorescent versions of themotor proteins
at endogenous levels and subjected them to in vivo fluorescence microscopywith
single-molecule resolution. Images obtained were analyzed using automated
kymograph and single-particle tracking analysis, providing unprecedented, quan-
titative insight in the role of the kinesins in IFT.Wefind that the two kinesins fulfill
distinct roles in line with their distinct motility properties. Kinesin-II is the slower
and less processivemotor. In IFT its key role is to load of IFT trains, to initiate the
transport of multiple, coupled motor proteins connected to cargo, and to effec-
tively traverse the transition zone, the semi-permeable protein barrier between
cilium and rest of the cell. After successful crossing of the transition zone,
Kinesin-II leaves the trains and the other, faster and more processive kinesin,
OSM-3 binds and drives the longer-distance transport to the cilium tip. Our results
provide insight in how cells use a combination ofmotor proteins to drive intracel-
lular transport and demonstrate the power of single-molecule fluorescencemicro-
scopy to unravel complex processes in the cells of living, multicellular organisms.
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The mechanisms that shape the spread of bacterial infection in hosts are poorly
understood. Single cells of Pseudomonas aeruginosa, an opportunistic pathogen
that colonizes fluidic pathways in plants and animals, move against fluid flow.
But the effects on population-level behaviors such as colonization, competition,
and dispersal have remained unclear. We explore P. aeruginosa population
dynamics in flow networks that mimic host vasculature. We find that P. aeru-ginosa uses a bet-hedging strategy and a novel motility mechanism character-
ized by counter-advection and lateral diffusion to explore flow streamlines and
rapidly disperse through networks. This selective growth advantage enables P.
aeruginosa to self-segregate from competing pathogens, promoting the stable
coexistence of multiple species in distinct micro-environments. Guided by
our predictive dispersal model, we inhibited colonization and dispersal by
modifying surface chemistry. Our results show that flow and polarized motility
structures define formation of mixed-species communities, suggesting novel
strategies for combating bacterial infections.
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TheE. coliMin systemself-organizes into a cell-pole to cell-pole oscillator on the
membrane to position cell division at mid-cell. We reconstituted and visualized
theMin systemon a flat lipid bilayer under protein depletion conditions and iden-
tified a pattern we call ‘bursts’ - radially expanding bilayer binding centers of the
MinD ATPase that are corralled and disassembled by a ring of the ATPase stim-
ulator,MinE.Bursts share several featureswith in vivo dynamics such as the abil-
ity to oscillate.Wepropose a patterningmechanismwhereby theMin systemself-
organizes into an oscillator without the spatial confinement of a bacterial cell.
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How cellular components self-organize in space and time is a major open ques-
tion of cell biology and biophysics. Escherichia coli is capable of localizing its
cell division apparatus, the divisome, relative to the center of the cell with
remarkable accuracy and robustness [1]. So far, two molecular systems, the
Min system and nucleoid occlusion mechanism, have been identified as playing
a role in this localization process. Surprisingly, we found that E. coli without
the Min and nucleoid occlusion systems was still capable of accurately local-
izing its divisome with respect to the cell center in slow growth conditions.
In this localization process, the initial Z-ring assembly occurs over the center
of the nucleoid instead of nucleoid-free regions of the cell. Using live cell fluo-
rescent imaging we determined that divisome components track the Ter macro-
domain region of the chromosome within 50 nm accuracy throughout the cell
cycle [2]. The Ter macrodomain region thus acts as a landmark for cell division
proteins. We furthermore found that the recognition of Ter region by divisome
is mediated byMatP, ZapB and ZapA proteins - the Ter linkage. Unlike the Min
system and SlmA mediated nucleoid occlusion, the Ter linkage guides initial
assembly of the Z-ring through a positive regulatory mechanism.
[1] Ma¨nnik J, Wu F, Hol FJH, Bissichia P, Sherratt DJ, Keymer JE, Dekker C
(2012) Robustness and accuracy of cell division in Escherichia coli in diverse
cell shapes. Proc Natl Acad Sci USA 109 (2012) 6957.
[2] Bailey MW, Bisicchia P, Warren BT, Sherratt DJ, Ma¨nnik J (2014) Evi-
dence for divisome localization mechanisms independent of the Min system
and SlmA in Escherichia coli. PLOS Genetics 10 (2014) e1004504.
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The Min system of proteins, comprised of MinC, MinD and MinE, is essential
for normal cell division in Escherichia coli. MinC forms an oscillating intracel-
lular gradient near the poles that restricts placement of the division septum at
midcell by inhibiting polymerization of FtsZ, the major component of the septal
ring. MinC localization is directed byMinD, a Par-like ATPase that binds to the
membrane in the presence of ATP. MinE functions as a regulator of MinD by
stimulating MinD ATP hydrolysis, which leads to membrane dissociation. Re-
sults using purified proteins in vitro show that MinC stabilizes a conformational
change in MinD in the presence of ATP characterized by the formation of large
oligomers, which are detectable in light scattering and ultracentrifugation
assays. Electron microscopy of MinC-MinD complexes formed with ATP
show long polymers (300-500 nm) that are approximately 10-20 nm wide.
Increasing the concentration of MinC in polymerization assays with MinD
and ATP enhances oligomer formation. MinCD complexes assemble in the
presence of the ATP analog ATPgS, but not ADP, suggesting that MinD is
likely in an ATP-bound conformation. Using site-directed mutagenesis, we
constructed a MinD mutant protein defective for ATP-dependent dimerization
